Membrane protein structures are stabilized by weak interactions and are influenced by additional interactions with the solubilizing environment. Structures of influenza virus A M2 protein, a proven drug target, have been determined in three different environments, thus providing a unique opportunity to assess environmental influences. Structures determined in detergents and detergent micelles can have notable differences from those determined in lipid bilayers. These differences make it imperative to validate membrane protein structures.
Importance of the membrane environment
Anfinsen's thermodynamic hypothesis [1] states 'that the native conformation [of a protein] is determined by the totality of inter-atomic interactions and hence by the amino acid sequence, in a given environment.' Too often, the last four words are ignored. The influence of the environment on the structures of membrane proteins is especially significant (Box 1). Despite their functional importance, the structural biology of membrane proteins has been particularly challenging, as evidenced by the small number of membrane protein structures that have been determined (250 unique structures as of June 2010; http://blanco.biomol.uci.edu/Membrane_Proteins_xtal. html). Integral membrane proteins are present in a heterogeneous environment that poses major obstacles for existing structural methodologies (Box 2). Hence, a challenge facing researchers is solubilization of membrane proteins in mimetics of native membranes. However, it is very difficult to obtain membrane mimetic environments that support the native structure(s), dynamics and function(s) of a membrane protein. In fact, functional assays of membrane proteins might not be feasible in the chosen membrane mimetic environment, as is the case for ion channels in detergent micelles. Consequently, adequate validation by functional assays has not been carried out for many membrane protein structures.
The influence of protein-membrane interactions compared to intra-protein interactions is greater for smaller proteins and for proteins that do not have prosthetic groups to stabilize their transmembrane domains. In these cases, structural differences can be anticipated when characterizations are performed in different environments.
Membrane proteins often have a degree of conformational plasticity distinguishing them from water-soluble proteins. This plasticity might be required for their function under native conditions, such as for a protein that cycles through closed, activated, open and inhibited states. Thus, the structural biology of a membrane protein does not involve determination of a single structure, but rather of native structures in all functional states to construct mechanistic models.
The main aim of the present review is to compare the structures of the influenza A virus M2 protein determined from samples in liquid crystalline lipid bilayers, samples crystallized from detergents and samples in detergent micelles (Box 2). It is clear that the membrane mimetic environment has a significant influence on the M2 structure. Although the structural differences of the various samples reflect the conformational plasticity of the protein, it is not clear whether they are all relevant to the protein function under native conditions. Indeed, some of the structures have features that are not compatible with the proton conductance activity of the protein. On the other hand, different structural methodologies, although specialized in different membrane mimetic environments, provide complementary data, which together can facilitate structural characterization of the functional states. Data obtained from lipid bilayers have a unique role in characterizing the native structures of membrane proteins and validating structures determined in other membrane mimetic environments.
The influenza virus A M2 proton channel
The M2 protein functions as a homotetramer; each monomer, consisting of 97 residues, has a single transmembrane (TM) helix [2] . M2 has three independent functional domains. The N-terminal 24 residues form a viral budding domain [3] . The TM helix (residues 25-46), along with a membrane surface-bound amphipathic helix (residues 47-62), forms the proton conductance domain that adequately reproduces the conductance properties of the full-length protein [4, 5] . Finally, the C-terminal domain (residues 63-97) binds the M1 protein, promoting viral assembly [6] .
Ion transport through M2 is highly proton-selective and activated by low pH in the viral exterior [7] [8] [9] [10] . Although this protein has long been called a channel, saturation of inward currents indicates that proton transport is mediated by an internal binding site [7, [11] [12] [13] [14] [15] [16] . In liposome assays typically used for transporters, the reconstituted full-length protein [5, 9, 17] , the TM domain [5, 14] and the conductance domain [5] seem to have robust activity and excellent sensitivity to a channel-blocking drug, amantadine. Truncation decreases the tetramer stability at low pH [18] , and more so for the TM domain than for the conductance domain [19] . This decrease in tetramer stability leads to lower proton conductance and drug efficacy [5] .
Until recently, amantadine and a derivative, rimantadine, were effective in blocking the proton conducting function of the M2 protein, leading to cessation of viral replication [20, 21] . However, the widespread occurrence of the S31N mutation in the H3N2 and H1N1 viral strains [22, 23] has resulted in drug resistance in the past few flu seasons and in the recent swine flu pandemic. As was the case for strong interest in new inhibitors of hemagglutinin, another influenza coat protein [24] , detailed knowledge of the structure(s), dynamics and functions of the M2 protein should lead to enhanced opportunities for drug development.
Box 1. Transmembrane vs. water-soluble proteins
Transmembrane a-helices have a high content of hydrophobic amino acid residues and a very low content of charged and highly polar residues ( Figure I) [57] . The lower potential to form site-specific electrostatic and hydrogen bonding interactions between helices means that van der Waals interactions are the dominant source of stability for tertiary and quaternary structures in the transmembrane region. The resulting modest tertiary and quaternary stability facilitates the structural rearrangements necessary for functional mechanisms.
A fundamental consequence of the highly hydrophobic nature of the transmembrane domain is the protection of polar sites, both in the side chains and in the backbone. For the backbone, the typical torsion angles for TM a-helices differ from those for water-soluble helices (f/c of -608/-458 vs. -658/-408, respectively) [58, 59] . Consequently, the carbonyl oxygen does not project outward from the helix axis as much in TM helices and thus shields the substantial partial charge on these sites and strengthens intra-helical hydrogen bonds [58] .
Serine and threonine are the two polar residues that occur at higher frequency in TM helices ( Figure I) [57] . Both residues have the potential to hydrogen bond, through their hydroxyl groups, to the helical backbone. Such intra-helical hydrogen bonding facilitates sequestration of the polar side chains in a hydrophobic environment and thus initial helical insertion into the membrane. Once in the membrane, these polar side chains can form inter-helical hydrogen bonds [60] . Interestingly, glycine and proline, known as helix breakers in water-soluble proteins, are well integrated into TM helices. Given their propensity to drive helix kinking, these residues are referred to as pro-kink sites in TM helices [59] ; helix kinking can play central roles in functional mechanisms [15, 61, 62] .
Importantly, the largely hydrophobic side-chain composition of TM domains results in a relatively sterile chemical environment. The presence of serine and threonine residues helps to ameliorate this condition, as do imperfections in the uniformity of the helical structure. Proline residues result in an exposed carbonyl oxygen without a hydrogen bonding partner. Similarly, helical kinks and p-bulges expose amide protons and carbonyl oxygens as potential sites for inter-helical interactions and chemical reactivity. Consequently, structural knowledge of TM helices is critical for functional understanding of membrane proteins.
Box 2. Methodologies for structural determination of membrane proteins
All of the structural methodologies for membrane proteins require solubilization of the proteins in environments that model native membranes. Crystallization for X-ray diffraction requires a high protein concentration and dominant specific interactions at the unit cell interface. These are typically polar and charge-charge interactions and hence hydrophobic membrane-soluble surfaces are normally shielded from the unit cell boundaries. Similarly, the hydrophobic interstices of lipid bilayers cannot span between crystalline unit cells. Most often, detergents are used to achieve high solubility of membrane proteins and to shield the hydrophobic surface of the proteins. However, it has frequently been noted that lipids are essential for the formation of quality crystals [64] [65] [66] and non-traditional methods of crystallization using bicelles or lipidic cubic phases have occasionally been used to generate good crystals [67, 68] . In addition to manipulating the environment for protein crystallization, the protein itself is often modified by mutations, truncations and/or through the formation of fusion proteins to achieve crystallization [48, 69, 70] .
A requirement for solution NMR is that the protein tumbles isotropically on the NMR timescale; otherwise the spectral resolution is lost. The molecular weight for the tetrameric M2 conductance domain is 22 kDa and therefore any increase in molecular weight on detergent addition must be minimized to avoid a significant increase in the global correlation time. Consequently, small detergent micelles are favored, as are micelles within which the protein has more mobility [71] . However, detergent micelles have numerous features that distinguish them from a lipid bilayer (Box 3). Recently, small bicelle structures prepared from a mixture of lipids and detergents have been used [72, 73] and these might prove to be a better membrane mimetic environment.
Solid-state NMR of uniformly aligned samples uses liquid-crystalline planar lipid bilayers as a membrane mimetic. Synthetic bilayers can reproduce many of the characteristics of the native membrane. Gradients in dielectric constant, water concentration, fluidity and even the lateral pressure profile across the native membrane can be modeled in synthetic bilayers. The lipid composition can be crudely reproduced, but the asymmetries of the bilayer are not modeled, such as the differing lipid composition in the outer and inner leaflets and the various electrical, chemical and mechanical gradients across the bilayer.
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Figure I. Comparison of amino acid composition between water-soluble protein helices and transmembrane protein helices. Green and red denote amino acids that are more common in membrane protein TM helices and water-soluble protein helices, respectively. Adapted from [63] 
Comparison of M2 structures
A model of the TM domain was built from crosslinking data that correctly identified residues facing the pore and the tetrameric state of the functional protein [12] . Since then, solid-state NMR spectroscopy, X-ray crystallography and solution NMR spectroscopy (Box 2) have all been applied for M2 structure determination. Thus, the M2 protein provides the only example for which structures have been determined in three different environments using three key methodologies. Comparison of these structures therefore provides a great insight into the influence of membrane mimetic environments.
Solid-state NMR structures
In 2002 the first backbone structure of the M2 TM domain (residues 22-46) was determined using high-precision orientational restraints from solid-state NMR spectroscopy of uniformly aligned bilayer samples and distance restraints from magic angle spinning (MAS) spectroscopy of liposome samples (PDB entry 1NYJ; Figure 1a ) [25] . This provided details of the helical backbone structure, including precise characterization of the substantial helical tilt (358), the helical rotation and the left-handed packing of the tetrameric bundle of helices in lipid bilayers [26] . A single labeled site in these samples always generated a single resonance, indicating structural homogeneity and four-fold symmetry on the millisecond to sub-millisecond timescale. The substantial helical tilt resulted in a cavity in the N-terminal pore that appeared to be appropriate for amantadine binding. The sample preparation involved organic solvent cosolubilization of peptide and lipid, followed by drying and rehydration to form aligned bilayers. A later protocol involved the formation of buffered liposomes followed by preparation of aligned samples [18] . This latter preparation showed evidence of more backbone dynamics, some conformational heterogeneity and a slightly lower helical tilt of 328 [18] . Nevertheless the M2 TM domain is much more stable in a lipid bilayer than in a detergent micelle [27] .
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Trends in Biochemical Sciences February 2011, Vol. 36, No. 2 The heart of the mechanism for M2 acid activation and proton conductance is the His37 tetrad [11] [12] [13] [14] [15] [16] . Solid evidence for the role of His37 in acid activation was provided by the loss of pH dependence in proton conductance by His37 substitutions [11, 13] . It has also been proposed that His37 is the obligatory binding site for the permeant proton [12, 15, 16] . Furthermore, pK a values for the His37 tetrad (one residue from each monomer in this tetrameric protein) were determined in liposomes using MAS NMR [14] . The pK a values for binding of the first two protons were both 8.2, indicating high proton affinity and cooperative binding. Chemical shift data further showed that each of the two protons is shared between a pair of His37 imidazoles, resulting in two strong hydrogen bonds to form a histidine-locked state. Binding of the third proton, with pK a =6.3, activates the channel by breaking the histidinelocked state. His37 and Trp41 can form cation-p interactions [28] ; thus, the tetrameric cluster of His37 and Trp41 functions as a unit, which we refer to as the HxxxW quartet. The short distance observed between Trp C g and His N d1 supports this contention (Figure 1a ) [25] .
In 2007 the backbone structure of the M2 TM domain in the presence of amantadine was determined using orientational restraints, again in aligned lipid bilayers, but this time using the liposome protocol (PDB entry 2H95; Figure 1b ) [29] . The spectral resonances implied four-fold symmetry and far less structural heterogeneity and dynamics, suggesting that the drug substantially stabilized the structure [18] . This structure showed a kink in the TM helices near Gly34 such that the N-terminal segment of the TM helix retains a very similar tilt angle to that of the apo form, whereas the Cterminal segment has a lower tilt angle of 208.
Molecular dynamics simulations starting from the structures in the absence and presence of amantadine provided additional insight into proton transport and drug binding in the pore [30] . The Val27 residues near the pore entrance transiently broke the water wire through the pore (Figure 1c,d) , leading to the proposition of a secondary gate in addition to the primary gate formed by Trp41 [10] . Besides limiting the proton flux, the Val27 gate also limits the binding rate constant of amantadine and assists the bound amantadine by forming an extended blockage (Figure 1c,d) . The bound amantadine is quite dynamic, but predominantly interacts with Ala30 and Ser31 and has a time-averaged orientation with its C-N vector toward the M2 C terminus. The position and orientation from the simulations were confirmed by a recent structural refinement using the NMR data of Hu et al. [29] supplemented by distance restraints between the drug molecule and the TM domain [31] . The interactions of bound amantadine with Ala30 and Ser31 explain why a number of mutations, including S31N, at these positions lead to drug resistance.
Interestingly, amantadine binding dramatically downshifts the pK a values of the His37 tetrad and prevents the [ ( F i g u r e _ 2 ) T D $ F I G ] formation of strong imidazole-imidazolium hydrogen bonds [32] . Perturbation of the chemistry of the His37 tetrad suggests an alternative to steric blockage or conformational rigidification as possible mechanisms for the inhibitory action of amantadine.
To correlate function with structure and dynamics, a proton transport model was proposed in which the proton flux is determined by the rate constants for binding to the His37 tetrad from the N-and C-terminal sides and the corresponding rate constants for unbinding [15, 16] . The model predicts that the proton flux saturates at low pH on the N-terminal side and the transition occurs around the third pK a value of the His37 tetrad. These predictions are supported by conductance measurements [7] . The low conductance rate of M2 [9, 17] is further explained by the dynamics of the Trp41 primary gate and the Val27 secondary gate [16] .
Crystal structures
Two crystal structures of the TM domain and one solution NMR structure of the conductance domain were published in 2008 [33, 34] . The crystals were formed in octylglucoside solutions. One of the crystal structures was obtained at neutral pH at 2.05-Å resolution (PDB entry 3BKD) and the other (actually a G34A mutant) at pH 5.3 with amantadine bound at 3.5-Å resolution (PDB entry 3C9J) ( Figure 2 ). Both crystal structures show a left-handed tetrameric bundle of TM helices with hydrophilic residues facing the pore, as in earlier structures [25, 29] . The tilt of the TM helices in these structures is similar to that in the bilayer structures [25, 29] . One of the helices of the neutral-pH structure showed a significant kink, as observed in the bilayer amantadine-bound structure [15, 29, 31] . The G34A structure remains the only structure determined at low pH. It should be noted that Gly34 is the site at which the helix kinks in response to amantadine binding [29] and for its conductance mechanism [15] . Therefore, decreasing the torsion space available to this residue by substituting alanine for glycine might interfere with structural, dynamic and functional characteristics. With this mutation, the M2 conductance is reduced by 60% [35] .
Significantly, the neutral-pH structure has splayed helices; consequently, the crossing point for the helices is shifted dramatically toward the N terminus (Figure 4a) , thereby preventing the formation of a pore that is contained by the four-helix bundle (Figure 2c ). Although lipids are known to be integral components of some membrane protein complexes [36] , here octylglucoside and polyethylene glycol occupy space between three of the four helical interfaces, as well as the C-terminal pore (Figure 2d ). The helical interface that is not perturbed by octylglucoside or polyethylene glycol seems to be similar to the helical interfaces observed in the lipid bilayer structures [25, 29] . The octylglucoside headgroups actually interact with the functionally critical His37 and Trp41 side chains. In addition, there is a large contact surface area between the two tetramers that make up the unit cell (Figure 2e ). The substantial crystal contacts could influence the tetramer structure, which is only stabilized by weak interactions owing to the amino acid composition of the TM domain. These influences might suggest nonnative-like conformations or a range of conformational states that are accessible to the protein in native membranes. Although functional assays in liposomes [5, 14] document the conductance activity of the construct, they do not validate the structure obtained from a detergent environment. Agreement with the helical tilt observed in lipid bilayers is a significant step toward validation, but the helix crossing point is still very different (Figure 4 ).
Solution NMR structures 1,2-Dihexanoyl-sn-glycerophosphocholine (DHPC) micelles were used for solubilization in the solution NMR structure determination [33] . To overcome the low stability of the TM domain in detergent micelles, this structural determination was performed on a larger construct (residues 18-60), the conductance domain, at neutral pH (PDB entry 2RLF). Again, a left-handed tetrameric helical bundle was observed, with hydrophilic residues in the interior and the pore well enclosed by the helical bundle. However, this structure proved to be controversial in three respects. First, the drug binding site was observed on the outside of the TM tetrameric bundle with a stoichiometry of four drug molecules per tetramer (Figure 3) . Second, the TM helices were nearly parallel to each other, resulting in tight packing of the helices that prevents the formation of an N-terminal cavity large enough for drug binding in the pore. Furthermore, the tight packing of the helices might hinder the Trp41 indoles from forming strong interactions with the histidine tetrad. Third, the amphipathic helix (residues 50-60) formed a water-soluble bundle with a hydrophobic core, tethered flexibly to the TM domain by residues 47-49 that were not observed owing to considerable dynamics. In a lipid bilayer this structure would position the amphipathic helical bundle in the bulk aqueous environment. 
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Trends in Biochemical Sciences February 2011, Vol. 36, No. 2 Although helices that are longer than the thickness of a lipid bilayer are frequently constrained to tilt in the bilayer [37, 38] , the hydrophobic dimension of a detergent micelle (Box 3) can expand to match the length of the hydrophobic surface of a helix [39, 40] . This feature of a micelle environment results in a helical bundle with nearly parallel helices potentially preventing drug binding in the pore and proper functioning of the HxxxW quartet. Recent distance measurements between the drug and the TM domain in a lipid bilayer demonstrate that the primary binding site is in the pore (consistent with previous experimental data and molecular dynamics simulations [30, 32] ), although there also seems to be a weak binding site on the tetramer exterior [31] . Studies of the TM domain confirmed that the primary binding site is in the pore, with a stoichiometry of one drug molecule per Box 3. Modeling the native membrane Cellular membranes host a broad spectrum of essential and complex functions. They maintain electrical, mechanical and chemical gradients, as well as structural integrity during events such as cell division and endocytosis. Consequently, membranes have a high concentration of proteins packed into these critical cellular surfaces and interfaces [74] . The lipid composition in both leaflets of the bilayer is complex and unique, comprising more than 100 different lipids. Membranes can also be heterogeneous, with some regions having high concentrations of cholesterol and sphingomyelin [75] . These complexities are required for the broad range of tasks performed by membranes.
The heterogeneous environment of native membranes is not compatible with atomic resolution structural characterization; consequently the membrane is modeled to mimic the native condition. Lipids have complex phase diagrams as a function of concentration, composition and temperature. Dynamics in the fatty acyl region can lead to gel and liquid crystalline phases, but hexagonal and cubic phases have much more curvature [76] . Native planar membranes at biological temperatures often exist near the phase boundaries where considerable distortions of the bilayer facilitate processes such as cell division and membrane fusion. However, lipid bilayers form structures with relatively well-defined hydrophobic dimensions. In addition, lipid bilayers have a dramatic lateral pressure profile [77] and a substantial interfacial region between bulk water and an almost completely dehydrated hydrocarbon interior [78, 79] . Consequently, there is a dramatic water concentration gradient, a dynamics gradient from the lipid backbone region to the center of the bilayer, and a dielectric-constant gradient from 80 in the bulk aqueous environment to 200 in the headgroup region [80] to 2 in the bilayer interstices.
Detergents also have complex phase diagrams, including a monomeric phase. Above a certain total concentration, known as the critical micelle concentration (CMC), the monomeric concentration is essentially equal to the CMC [39] . The CMC is typically in the millimolar range and thus is orders of magnitude greater than lipid monomeric concentrations [44] . Detergents form micelles, not liposomes. Although a detergent monolayer can wrap around a protein, this micelle structure has a single hydrophilic surface, unlike lipid bilayers which have two separate hydrophilic surfaces. Micelles do not have a well-defined hydrophobic dimension; indeed this can expand to conform to the hydrophobic dimension of a peptide ( Figure I) or protein [39, 40] . In addition, pro-kink (Box 1) sites in the middle of a TM helix can seek the hydrophilic surface without requiring the hydrophilic N or C termini to migrate across the hydrophobic interstices. This is not true for bilayers. Detergent micelles also have a much greater surface curvature, a less dramatic dielectric constant and water concentration gradients.
The amino acid composition of membrane proteins is engineered to minimize potential electrostatic interactions; the backbone hydrogen-bonding capacity is almost completely fulfilled through secondary structure formation. Electrostatic interactions are dependent on the dielectric constant, hydrophobic interactions require the presence of water and water, when present, is a catalyst for hydrogen bond exchangeall of these factors are different in the various membrane mimetic environments. 
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Trends in Biochemical Sciences February 2011, Vol. 36, No. 2 tetramer [41] . Observation of the amphipathic helix as a water-exposed bundle could also be a result of detergent solubilization. In bilayer samples of the full-length protein [42] and of the conductance domain [43] , this helix is positioned in the lipid interface. Such a position for the amphipathic helix might also interfere with the exterior drug-binding site.
Cautionary note on the use of detergents for solubilization Several differences between lipids and detergents potentially influence protein structures (Box 3). First, there is typically a millimolar concentration of monomeric detergents, whereas monomeric lipid concentrations are many orders of magnitude lower [44] . Indeed, in the M2 crystal structures, monomeric detergents penetrate into the aqueous pore of the TM domain and seem to compromise the protein functionality.
Second, the hydrophobic dimension of detergent micelles is readily expandable [39, 40] , and consequently helices designed to have a hydrophobic mismatch to induce helical tilt in a membrane can be packed tightly together. This seems to be the situation for the helical bundle characterized by solution NMR, in which the HxxxW functionality is probably disrupted.
Third, in comparison with the planar surface of a membrane, the high degree of curvature for a micellar surface might interfere with the surface binding of amphipathic helices [45] [46] [47] . For the solution NMR structure of the conductance domain in micelles, the amphipathic helix was solubilized in the bulk aqueous solution, in contrast to results in lipid bilayers [42, 43] .
Fundamentally, the interactions that stabilize the quaternary structure of M2 are weak and relatively nonspecific. Cartoons of three M2 TM structures (Figure 4 ) illustrate how the protein environment affects the delicate balance of interactions governing helix packing. It is anticipated that the conformations associated with different functional states use different helix packing, helix kinking and differences in side chain rotamers. The extent to which native conformational states are captured by the structures in different environments described here is still to be ascertained.
Environmental influences on other membrane protein structures
There are many examples in the literature of structures that experience dramatic influences by the membrane mimetic environment, including those of KvAP, KCNE1, Smr and phospholamban [48] [49] [50] [51] . There are probably many other examples with more subtle influences that have not been identified because there are relatively few structural data for membrane proteins obtained from bilayer environments to validate these structures.
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Trends in Biochemical Sciences February 2011, Vol. 36, No. 2 Many of the successful membrane protein structures in the PDB are characterized by X-ray crystallography and are very large structures in which it can be anticipated that interactions with the membrane mimetic environments are small in comparison to those within the protein structures. Many more membrane proteins, such as electron transport proteins, have prosthetic groups in the TM domains that could serve to stabilize tertiary and quaternary structures of these domains. However, for many prokaryotic membrane proteins, where the number of TM helices is small, interactions with the environment could become significant. Of the 1100 predicted a-helical integral membrane proteins from the Mycobacterium tuberculosis genome, nearly 60% are predicted to contain one, two or three putative TM helices [52] . Even taking into account that many of these proteins are oligomeric, a great many membrane proteins are predicted to have relatively small TM domains. Such small domains are particularly sensitive to the influence of membrane mimetic environments, potentially leading to non-native structures; larger domains might also be influenced by these environments.
Concluding remarks
Fortunately, there are many sample preparation conditions that can be chosen for crystallization and for solution NMR. Detergents represent a diverse set of compounds with an equally diverse morphology [53, 54] . Consequently, screening of sample conditions might lead to conditions that support native-like structures. Indeed, a new crystal structure of the M2 TM domain (PDB entry 3LBW) is not only largely consistent with the solid-state NMR-derived orientational restraints but also has a helix crossing point near the bilayer center and a pore contained by the TM helical bundle [55] . Although the hazards of detergent use as membrane mimetics have been emphasized here, artificial lipid bilayers also represent a mimetic of the native membrane environment and hence structures determined in synthetic bilayers might not reflect the exact native structure. For instance, the helical tilt in M2 TM is dependent on the fatty acyl chain length of synthetic bilayers [37] . This emphasizes that all membrane protein structural biology should be subjected to careful scrutiny; through a combination of structural methodologies it should be possible to achieve an understanding of the native functional state.
Membrane proteins represent a major challenge for structural biology. Not only are these structures more dynamic, with greater conformational plasticity through which the proteins function, but their structures are also significantly influenced by their environments, reminiscent of the words in Anfinsen's thermodynamic hypothesis [1] . It is, therefore, not enough to show that a protein construct is functional to validate a structure unless the functional assay is performed in the same environment as that used for the structural characterization. Structural data obtained in an appropriate lipid bilayer environment can serve as benchmarks for validating structures determined in other mimetic environments. It is exciting that a variety of structural methods, including solid-state NMR, electron spin resonance and cryo-electron microscopy, are now providing an increasing quantity of structural data for membrane proteins in bilayer environments.
